Motivation: Databases of protein families often exhibit drastically different
Introduction
In an attempt to consolidate the data constantly being produced by sequencing projects, recent years have seen a rise in the number of protein family databases [see (1) for a recent review]. Some of these databases are based on exhaustive, completely automatic unsupervised clustering from pairwise similarities of protein sequences. These databases include SYSTERS (2), ClustR (3), Protomap (4), ProDom (5), COGs (6) and TRIBES (7), with the last two dedicated exclusively to clustering sequences derived from genome projects. All these databases aim to cover the complete protein universe and do not assume any prior knowledge about these families. The other type of protein family databases is based on existing knowledge of related groups of proteins and use profile or HMM-based searches to draw more sequences into these families. Examples of such databases are Pfam (8) , TIGRFAMS (9) and SMART (10) . These databases often report better sensitivity of searches than databases based on unsupervised clustering. Databases that assign structural domains to proteins with profiles or HMMs make use of the evolutionary information inherent in the protein structures to assign domains to predefined structural families. Examples are the Superfamily database (11), Gene3D (11), 3D-PSSM (12) and others. In these databases, several distinct HMMs can represent the same protein family.
In our previous analysis of the TRIBES database, we have observed three key properties of protein family space: (i) a power-law distribution of protein family sizes; (ii) constant paralogy levels across microbial genomes and (iii) a small number of families common to the three domains of life (7) . In this study, we examine the key properties of protein family space in a number of databases dedicated to describing protein families in complete genomes. We thus used
COGs, a database of groups of orthologous proteins constructed automatically with some manual intervention (6), ProDom-CG, a database of protein domains that are automatically generated from complete genome sequences (5) and the Superfamily database, which contains HMM-based assignments of structural superfamilies to proteins from completely sequenced genomes (11) . To resolve issues that do not depend directly on the completeness of the genomic data we also used Protomap, a completely automatic exhaustive database of protein families (4) and Pfam, a manually curated database of protein families and HMM assignments (8) . A brief summary of the databases we used and their principal features are presented in Table 1 .
Results

Distribution of protein family sizes in protein families databases
The size distributions of protein families, superfamilies and folds was shown to follow a power law in many individual genomes (13) (14) (15) and globally for all genomes in an analysis of the protein families in the TRIBES database 
Future trends for protein family size distribution
As protein sequence space is explored and gaps closed, will the distribution of protein family sizes in exhaustive databases continue to follow a power law?
Assuming that there is a finite number of protein families in nature, what would be an indication that most of these families are covered by known sequences? It is likely, in the foreseeable future, that sequencing of distantly related species will give way to sequencing of closely related species, strains and different individuals within a population. This will lead to a decrease in the number of unique sequences, followed by a decrease in counts of small protein families. We aim to anticipate how this saturation will be detectable and the resulting patterns of size distribution for protein family space.
To test the distribution of protein sequence space after saturation, we modelled it on a data sample where phylogenetic proximity of sequenced organisms is
high. An ideal model is provided where many closely related strains of the same species are sequenced, thus providing a dense coverage of a phylogenetic group.
We used five strains of Staphylococcus aureus published genomes to test our 
Genomic paralogy
We will refer to genomic paralogy as the number of protein families per genome compared to the number of genes. Some reports suggested that paralogy increases with expanding genome size (19) (20) (21) . However, we recently equally well. This results from the hybrid nature of the COGs database, which has characteristics of both types of protein family databases, as discussed above.
Distribution of protein families across domains of life
There have been several conflicting reports about the extent to which protein families are common to all three domains of life (7, 22, 23) . Therefore, we compare percentages of protein families shared according to the different databases in a uniform and consistent manner. We find that the proportion of protein families reported as shared between the three domains of life is strongly dependent on the nature of the database ( 
Discussion
The debate about the structure of the protein universe, as exemplified by the differences in the properties of the protein family databases characterised here, arises from differences in sensitivity and specificity of the methods used to construct the databases. By providing wider coverage, exhaustive databases can The assignment of folds and superfamilies to individual genomes, rather than across a large group of genomes, follows a power law up to family size one (11) .
So why is the number of unique folds so small on the global scale across all genomes? The collapse of the power law line might indicate the saturation of sampling of structural superfamilies. Since structure-defined families are broader, we expect them to be saturated-by-sampling earlier than sequence-defined families. Another possible explanation for the collapse of the power law is that there is a preference for solving structures from larger families rather than unique and obscure proteins. This is reinforced by the observation that Archaea have a surprisingly small number of unique superfamilies -over ten times fewer than Bacteria, which have been characterized more extensively and are frequently of medical or industrial relevance. The Pfam database also has a bias for large families, though not as extreme as the Superfamily database. In Pfam, this could be inherent to the process of creating new families by manual curators, who are more likely to be alerted to larger families. Since both Pfam and Superfamily databases are based on hidden Markov models, the bias against small families in genomes could also be influenced by hidden Markov models built from few sequences. Such hidden Markov models are likely to represent small families, and will be less effective at detecting distant homologues.
In conclusion, we demonstrate that different results are obtained from databases built by exhaustive all-against-all comparison and pre-defined protein families. These results complement rather than contradict each other, describing protein diversity from different perspectives and fulfilling different user requirements. Figure legends 
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